Abstract. High field electronic state of the quasi-two dimensional organic superconductor, κ-(BETS) 2 FeBr 4 was investigated. Under the magnetic field exactly parallel to the conducting layers, zero resistance was observed in the region of about 11 ~ 14 T at 27 mK. This is the strong evidence of the field induced superconductivity in this salt. In the antiferromagnetic state below 5 T, Shubnikov-de Haas oscillation with a low frequency of 62 T was observed. This new frequency can be ascribed to a small pocket formed by the reconstruction of the Fermi surface due to the antiferromagnetic order.
INTRODUCTION
One of the recent remarkable topics in the field of the organic conductors is the hybrid system of organic donor molecules and inorganic magnetic anions. In these systems, the interaction between conduction electrons and magnetic moments has provided some peculiar phenomena such as the field induced superconductivity (FISC), where the internal field created by the magnetic ions plays an essential role [1] . The quasi-two dimensional conductor κ-(BETS) 2 FeBr 4 (BETS = bis(ethylenedithio)tetraselenafulvalene), classified into this category, is the first antiferromagnetic (AF) organic superconductor at ambient pressure [2, 3] . This salt is composed of the alternate stacks of two different layers: conducting BETS layers and insulating magnetic anion, FeBr 4 -layers. Since this structure is very similar to that of λ-(BETS) 2 FeCl 4 [1, 4] , κ-(BETS) 2 FeBr 4 has been predicted to be another candidate showing FISC [5, 6] . However in these salts, the zero field ground state is quite different, insulating state in λ-(BETS) 2 FeCl 4 and superconducting state in κ-(BETS) 2 FeBr 4 [2, 3, 4] . To investigate the high magnetic field electronic state and the Fermi surface in κ-(BETS) 2 FeBr 4 , we have performed the magnetoresistance measurements in the magnetic field H parallel and perpendicular to the conducting ac plane up to 17.5 T.
EXPERIMENTAL
The single crystals of κ-(BETS) 2 FeBr 4 were obtained by an usual electrochemical oxidation described elsewhere [3] . The samples used in the measurements were black plate-like crystals, and the typical size is about 0.5 × 0.4 × 0.03 mm 3 . The gold wires of 10 µm in diameter were attached by a carbon paint.
The magnetoresistance was measured by a conventional four-terminal ac technique with electric current perpendicular to the conducting layer. The measurements were carried out by using a dilution refrigerator down to 27 mK with a superconducting magnet at NIMS.
RESULTS

Field Induced Superconductivity
Figure 1 a) shows the field dependence of resistance at various temperatures for the magnetic field exactly parallel to the a-axis. As the magnetic field increases, the superconductivity was broken at about 1.8 T, followed by step-like increase indicated by an arrow. This field corresponds to the metamagnetic transition of the Fe moments [6] . At 27 mK, the resistance increases almost linearly with field above 2 T, and then shows a steep drop above 8 T. In the region of about 11 ∼ 14 T, the resistance is almost zero within the instrumental resolution (below noise level). This behavior strongly suggests the FISC state in this salt. At higher fields above 16 T, the FISC seems completely removed. As the temperature increases, the field region of the FISC phase becomes narrower and the FISC is almost completely suppressed at 1 K. 
Shubnikov-de Haas Oscillation
The inter-layer resistance for H // b and I // b at 0.3 K as a function of the magnetic field is shown in Fig. 2 a) . At about 0.2 T, the superconductivity is broken and the AF metallic state is recovered. The resistance shows a broad peak around 2.3 T and then a kink at 5.3 T. The kink corresponds to the transition from the AF state to paramagnetic state. The observation of the kink clearly shows that the coupling between the conduction electrons on the BETS molecules and the 3d Fe moments (π-d coupling) is sufficiently strong. Below 5 T, we can clearly see the Shubnikov-de Haas (SdH) oscillation, that has not been ever reported. The inset shows the Fourier transform (FT) spectrum of the oscillation, where the low frequency peak of 62 T is evident. The cross-section of the Fermi surface (FS) corresponding to the low frequency amounts to the area of about 1.5 % of the first Brillouin zone. This small FS can not be explained by the previous band calculation (Fig. 2 b) ) [3] . 
DISCUSSION
We observed the FISC state in the magnetic field exactly parallel to the conducting layer. In general, the superconductivity is destroyed in magnetic field by two effects, the orbital effect and the Zeeman effect. In the case of two dimensional conductors, the orbital effect can be strongly suppressed by applying the magnetic field exactly parallel to the conducting layers. The Zeeman effect can be also suppressed by the Jaccarino-Peter compensation mechanism [7] . If there is a large negative exchange interaction between conduction electrons and magnetic moments as in this case, the conduction electron feels internal field antiparallel to the external field. Thus, the external field and internal field are cancelled out, and the Zeeman effect can be suppressed by this compensation mechanism. In the previous SdH oscillation measurements in κ-(BETS) 2 FeBr 4 [8] , two peaks in the FT spectrum, which arise from the magnetic breakdown β orbit, were observed. In the presence of a large internal field, it is expected that two frequencies corresponding to the two FS's of the up and down spin electrons are observed [5] . The internal field can be directly calculated from the difference of the frequencies, ∆F = (1/4)⋅g⋅(m eff /m 0 )⋅H J , where m eff is the effective mass ( = 7.9 m 0 ) and g is the g-factor. Assuming g = 2, we obtain the internal field of 12.7 T. This value is in quite good agreement with the center field of the FISC region. Therefore, we conclude that this FISC is induced by the Jaccarino-Peter compensation mechanism as in the case of λ-(BETS) 2 FeCl 4 [4] . From the discovery of the FISC in κ-(BETS) 2 FeBr 4 , it is undoubted that the FISC is an universal phenomenon if the conditions, i) low dimensionality, ii) presence of the large localized magnetic moments, and iii) strong negative exchange interaction J between conduction electrons and magnetic moments, are satisfied. In λ-(BETS) 2 FeCl 4 , the AF insulating phase is stabilized in low fields, which is theoretically interpreted as a Mott insulator induced by the AF order of the 3d moments via the π-d coupling [4, 9] . In κ-(BETS) 2 FeBr 4 , however, the π-d coupling is not so strong as that in λ-(BETS) 2 FeCl 4 , so the electronic state remains metallic even below the Neel temperature, T N = 2.5 K. In the AF state, we observe the SdH oscillation with the low frequency, which is not explained by the band calculation, as shown in Fig. 2 . Because of the AF order below 5 T, it is very likely that this low frequency arises from a small pocket formed by the reconstruction of the FS due to the AF long range order. At present, the detailed magnetic structure is not obtained yet, so it is impossible to present a model of the reconstructed FS based on the calculated band structure. 
